Postmortem toenail samples were used for the detection of cocaine (COC), benzoylecgonine (BZE), norcocaine (NCOC), cocaethylene (CE), morphine (MOR), 6-monoacetylmorphine (6-MAM), codeine (COD), and hydrocodone (HDC). After the toenail clippings were washed with methanol, they were solubilized in 0.1M potassium phosphate (pH 5.0). The drugs of interest, along with internal standards, were isolated by solidphase extraction followed by derivatization with N-methyl-N-trimethylsilyl-trifluoroacetamide. The derivalized products were analyzed by gas chromatography-mass spectrometry operated in the selective ion monitoring (SIM) mode. The limit of quantitation for all analytes was 0.3 ng on column. The quantities of drugs found in toenails of each of 46 decedents were compared with those of their corresponding postmortem fluids. The toenails of the 46 decedents were tested for COC, BZE, NCOC, and CE, and 34 of the collected samples were also tested for opiates. COC and BZE concentrations ranged from 0.20 to 140.17 (n = 20) and 0.30 to 315.44 ng/mg (n = 21), respectively. NCOC concentrations of 6.78 and 0.66 ng/mg and CE concentrations of 2.60 and 0.73 ng/mg were detected in two of the decedents' toenails. MOR and 6-MAM were detected in three sets of toenails at average concentrations of 0.37 and 0.89 ng/mg, respectively. COD was detected in two sets of specimens at concentrations of 3.07 and 1.02 ng/mg. HDC (0.62 ng/mg) was found in only one set of specimens.
Introduction
Although there has been extensive research done on the use of blood, urine, tissue, and hair as matrices for detecting drugs of abuse in humans, very few reports are available on the use of fingernails or toenails. The detection of amphetamines in nails obtained from known users was reported in two studies, neither of which involved the use of postmortem specimens (1, 2) . Another study reported a comparison of the quantities of cocaine (COC) and benzoylecgonine (BZE) found in hair and 9 Author to whom correspondence should be addressed.
nail specimens, although it is unclear if this study involved the use of antemortem or postmortem specimens (3) . This report demonstrates the usefulness of postmortem toenail specimens as a forensic matrix for the detection of COC, COC metabolites, and opiates.
Experimental

Reagents
COC (1 mg/mL), BZE (1 mg/mL), BZE-d3 (100 pg/mL), norcocaine (NCOC, 1 mg/mL), ecgonine (ECG, 1 mg/mL), ecgonine methyl ester (EME, 1 mg/mL), and 6-monoacetylmorphine (6-MAM, 100 pg/mL) were obtained as analytical standards from Radian Corp. (Austin, TX). Cocaethylene (CE, 1 mg/mL), nalorphine hydrochloride, hydrocodone (HDC) bitartrate, hydromorphone (HDM) hydrochtoride, oxycodone (OXYC) hydrochloride, MOR sulfate pentahydrate, and COD were obtained from Sigma Chemical (St. Louis, MO). N-Methyi-Ntrimethylsilyl-trifluoroacetamide (MSTFA) was obtained from Pierce Chemical (Rockford, IL). Monobasic potassium phosphate, hydrochloric acid, and ammonium hydroxide were obtained from Mallinckrodt Chemical (Paris, KY). Anhydrous potassium phosphate dibasic and all solvents were obtained from Fisher Scientific (Pittsburgh, PA). All reagents and solvents were of analytical grade.
Clean Screen | solid-phase extraction (SPE) columns (catalogue number ZSDAU020) were obtained from United Chemical Technologies (Bristol, PA).
Chromatography
Drug identifications were performed by gas chromatography-mass spectrometry (GC-MS) using a Hewlett-Packard model 5890 GC with dual capillary columns interfaced into a single model 5970 mass selective detector (4) . The columns were DB-5 (30 m x 0.25 mm, 0.25-pm film thickness, J&W Scientific, Folsom, CA). Helium at a flow rate of 1.0 mL/min was the carrier gas, and the inlet temperature was 200~ The oven temperature was programmed to hold at 150~ for 2 rain, rise to 200~ at 50~ and hold for 1 rain, and rise to 260~ at 10~ and hold for 4 min. In accordance with the standard operating procedures of the Cuyahoga County Coroner's Office (Cleveland, OH), Toxicology Laboratory, the linear range for all analytes, except 6-MAM, was 0.3 to 60.0 ng on column (5). The linear range for 6-MAM was 0.15 to 12.0 ng on column. The limit of quantitation for all analytes was 0.3 ng on column.
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6 7 450000. 400000. Peak identification: 1, cocaine; 2, cocaethylene; 3, benzoylecgonine; 4, benzoylecgonine-d3; 5, norcocaine; 6, codeine; 7, hydrocodone; 8, hydromorphone; 9, oxycodone; 10, morphine; 11, 6-monoacetylmorphine; and 12, nalorphine.
Nail preparation
Toenail specimens were obtained postmortem at the Cuyahoga County Coroner's Office. Approximately 3-5 mm of the unattached anterior portion of the nails were clipped using toenail clippers. Approximately 100 mg of nails were used for each analysis. The nails were placed in 13 x 100-ram culture tubes and washed with 3 mL of methanol by vortex mixing for 15 s. The methanol wash was immediately transferred to a 16-mL screw-cap tube. This wash step was repeated twice. Each of the methanol washes was evaporated to approximately 0.5 mL under a stream of nitrogen at 60~ These tubes were capped with Teflon| caps and stored at 4~ The washed nails were then placed in an oven at 60~ for 2 h. After drying, the nails were cut with a pair of scissors into pieces as small as possible, weighed, and placed into 16-mL screwcap tubes containing 3 mL of 0.1M phosphate buffer (pH 5.0). After sonication for I h, the nails were soaked in the phosphate buffer for 72 h at room temperature.
Controls of 100 and 200 ng were prepared by adding 200 and 400 IJL, respectively, of a methanol stock solution containing 500 ng/mL of COC, BZE, NCOC, CE, MORP, COD, HDC, HDM, OXYC, and 6-MAM to approximately 100 mg of control nails in 3.0 mL of phosphate buffer (pH 5.0). Three milliliters of 0.1M phosphate buffer (pH 6.0), 100 pL of BZEd3 internal standard (10 ng/1JL), and 100 IJL of nalorphine internal standard (10 ng/IJL) were added to the methanol washes, solubilized nails, and controls.
Solid-phase extraction
The stopcocks of the vacuum manifold and receptacles were rinsed with acetone before installing the SPE columns. The columns were conditioned sequentially with 3 mL of methanol, 2 mL of deionized water, and 1.5 mL of 0.1M phosphate buffer (pH 6.0). Each sample and control was transferred to the SPE columns and allowed to flow slowly through the columns. Each column was then washed sequentially with 2.0 mL of deionized water, 1.5 mL of 0.1M hydrochloric acid, and 2.0 mL of methanol. The columns were dried under a vacuum of 15-mm Hg for at least 10 min. Three milliliters of freshly prepared eluent (methylene chloride/isopropanol/concentrated ammonium hydroxide [78:20:2, v/v/v]) was added to each dried column. The eluants were collected in 16-mL disposable screw-capped centrifuge tubes. For GC-MS analysis, each organic layer was evaporated to dryness under a stream of nitrogen at 60~ Fifty microliters of MSTFA was added to each tube to form the TMS derivatives. Each tube was sealed with a Teflon-lined cap, vortex mixed for 15 s, and placed into a 75~ heating block for 45 rain. After cooling to room temperature, 3 IJL of the prepared TMS derivatives was injected into the GC. A typical chromatogram of all the analytes is shown in Figure 1 .
Results
A total of 46 sets of toenails were analyzed for COC, BZE, NCOC, and CE. Data were also obtained on other biological specimens, which were tested in accordance with the standard operating procedures of the Cuyahoga County Coroner's Office, Toxicology Laboratory (Tox Screen) for each case (5). Those with positive results are shown in Tables I and II. Table  II 1998 itive for COC and metabolites. Case no. 6 was the only set of nails that tested negative for COC and metabolites but positive by the Tox Screen. This was also the only case in which a large amount of external contamination was present without any drugs found in the nails as demonstrated by the high COC and BZE values for MeOH wash #1 in Table II .
Of the 46 sets of toenails analyzed for COC and metabolites, 34 of these were also analyzed for opiates. Only three of these cases (1, 15, and 24) were found to be positive. The results of the nail analyses, along with the Tox Screen results, are shown in Table III . Of these three, only in Case no. 24 were opiates detected in both the toenails and the Tox Screen. Case no. 16 was the only one in which no opiates were detected in the nails, but the Tox Screen was positive for opiates.
The major drugs found in the toenails tested were COC and BZE. The amounts of each covered a wide range of values. COC ranged from 0.20 to 140.17 ng/mg, and I]ZE ranged from 0.30 to 315.44 ng/rng. There was only one case (no. 5) in which only COC was detected in the toenails. Other COC metabolites, NCOC and CE, were only found in two cases and do not appear to accumulate in the nails as much as BZE. These two sets of nails were reanalyzed for ECG and EME, and neither metabolite was detected. 
Table n. Comparison of Cocaine (COC) and Benzoylecgonine (BZE) in Toenails and Methanolic Washes (ng/mg)
Discussion
In order to demonstrate the viability of using postmortem toenails as a forensic matrix, COC and COC rnetabolites were chosen for initial screening. Once it was determined that these drugs could be found in detectable quantities, the analytical procedure was expanded to include opiates as well. The standard SPE extraction procedure for COC and BZE (96% recovery for each) also yielded an average recovery of 57% for the opiates tested.
Various methods such as dissolution in sodium hydroxide solutions and hot acid extraction have previously been used for analyzing nail specimens (1-3) . Although NaOH dissolves the nail matrix, it also hydmlyzes COC to BZE, which prevents speciation. Initially, a manual method was employed to granulate the nail matrix. This was accomplished by filing them into a I~owder with a fine-toothed metal file. The drugs were then extracted from the nail powder with methanol. Although this method worked, it was very tedious and time consuming. It was subsequently determined that the nails could be easily solubilized by cutting them into small pieces with a pair of scissors and soaking them in a phosphate buffer for an extended period of time.
Even though soaking the nail pieces in methanol did extract COC and BZE, it only removed 35 and 88% of each, respectively, after 72 h as compared with nails from the same individual that were filed into a fine powder before extraction with methanol. The use of methanol also did not provide any solubilization of the nail matrix. Comparatively, allowing the pieces of nails to soak in the phosphate buffer for 72 h re- moved over 93% of COC and BZE from the nail matrix. In order to reduce the extent of hydrolysis of COC, a pH 5.0 phosphate buffer was used because it was reported that COC is stable under these conditions up to 30 days (6) . Tests performed by this laboratory demonstrated that COC, BZE, CE, and NCOC, along with all the opiates of interest, were stable for at least 72 h under these conditions. In a pH 5.0 phosphate buffer (0.1M) at room temperature, there was less than 3% loss of any analyte.
Before an accurate amount of drugs present in the nails could be determined, any external contamination needed to be removed. Control nails from non-drug users were contaminated with COC by dipping them in water and then shaking them in a test tube containing COC hydrochloride powder. By successively washing these nails with methanol (see Experimental section), it was determined that over 98% of the COC was removed after the second washing. For these analyses, three methanol washes were used to ensure complete removal of any external drugs present. The results of these washes are shown in Tables II and III and indicate that two washes may be adequate. However, drugs were found in the third wash when larger amounts were present in the toenails; therefore, three washes were used in the procedure.
Most of the cases in which the drugs were detected in the nails were found to be negative by the Tox Screen analysis. This is reasonable because the toenail clippings, which were obtained from the anterior unattached part of the nails, should provide information on the subjects' past drug use and may not detect use just prior to the time of death. Cases in which no drugs were found in the nails but the Tox Screen was positive probably indicate recent drug use. Cases in which drugs were found both in the nails and by the Tox Screen are indicative of a chronic drug user. One may speculate that drugs are deposited at the root of the growing nail by the blood stream and that the nail matrix may be used to represent a "time line" of drug. However, further studies involving the sectioning of entire nails need to be performed in order to corroborate this hypothesis. Even then, other factors such as age, sex, race, and season may influence the growth of nails and make such dating inaccurate. Analysis of nails does provide a forensic matrix for the postmortem detection of COC, COC metabolites, and opiates in decedents from whom body fluids and/or hair specimens cannot be obtained. Interpretation of these results needs further study.
"All toenails and related biological specimens were negative for hydmmorphone and oxycodone. * All methanolic washes were negative.
Results obtained from the Cuyahoga County Coroner's Office Toxicology Laboratory. Abbreviations: MOR, morphine; 6-MAM, 6-monoacetylmorphine; COD, codeine; HDC, hydrocodone; CSF, cerebrospinal fluid; TLC, thin-layer chromatography; n.d. not detected. " Results obtained from the Cuyahoga County Coroner's Office Toxicology Laboratory were negative for all specimens tested.
